Backgrounds: Thymic carcinomas are very rare tumors that are often associated with extrathoracic metastasis to other organs. However, it is well known that thymic carcinomas rarely metastasize to the spine, and the prognosis, treatment, and natural course of this disease are not yet standardized. Methods: We describe seven thymic carcinoma patients with spinal metastasis who were diagnosed and treated in our institute from January 2006 to December 2011. We performed surgical treatment and adjuvant chemotherapy and/or radiation therapy, in consideration of each individual disease's course, and we regularly followed up the patients. Results: Of the seven patients, five were male and two were female. Six had metastases in the thoracic spine, and one had metastases in the lumbar spine. An extradural lesion was found in five patients, and two patients had both extradural and intradural lesions. The period from the primary diagnosis to spinal metastases varied widely (range, 1.23-14 years). After surgery, all patients showed an improvement of back pain and radicular pain. Two patients were lost to follow-up, but the other five maintained ambulatory function until their final follow-up. Four patients died because of pulmonary complications accompanied with the disease's progression. One patient died from uncontrolled brain metastases. After surgery, the median survival was 204±111.43 days. Conclusion: Because metastasis to the spine from thymic carcinoma is very rare, there are no treatment guidelines. Nevertheless, we suggest that appropriate surgical management of the metastatic lesion is necessary for the preservation of the patient's quality of life during survival.
INTRODUCTION
Thymic tumors are amongst the most common mediastinal neoplasms. They comprise about 20% of all mediastinal tumors and up to half of all tumors in the anterior mediastinum in adults and are typically slow-growing tumors that usually metastasize to the pleura, pericardium, or diaphragm, but extrathoracic metastases are unusual 2, 10) . Thymic carcinomas (TC) are invasive, and these rare tumors account for only about 0.06 % of all thymic neoplasms 5) . However, unlike most thymomas that have indolent features, TC shows overt cytologic features of malignancy and highly aggressive biological behavior with extrathoracic metastases to the liver, kidney, and bone in 1-15 % of patients 1, 8) . The differences of metastasis between thymoma and TC have not yet been confirmed precisely 2) . Despite the highly aggressive behavior of TC, spinal metastasis is rarely reported. As far as we know, this report may be the first case series of the spinal metastasis of TC at a single institution. Survival after treatment and the natural course of the disease are not yet clearly elucidated. We report 7 cases of spinal metastasis in TC patients seen in our clinic and discuss their treatment, results, and survival.
MATERIALS AND METHODS

Patient Selection
We retrospectively reviewed the medical records of all patients with spinal metastasis who had surgical removal performed in our institute from January 2006 to December 2011. We reviewed seven cases of TC patients who underwent surgery for spinal metastasis. All metastatic lesions were con- Abbreviations: M, male: F, female: Dx, diagnosis: M@P, metastasis at presentation: N/A, not applicable firmed pathologically. Relevant clinical data were obtained through a review of the medical records, including operative reports. The records of all the patients were retrieved and the demographic data were collected, including age, gender, the date of the initial diagnosis of the primary site, other metastasis prior to the spinal metastasis, metastatic tumor location, and the symptoms at diagnosis. All patients were radiographically evaluated using plain radiographs, computed tomography (CT) and magnetic resonance imaging (MRI) of the spine. Bone scintigraphy and/or positron emission tomography CT (PET-CT), as well as the chest and abdomen CT were also perfomed to evaluate systemic metastasis. In addition, the presence of myasthenia gravis (MG) was evaluated. Histologic reviews of TC was performed by two pathologists, according to the proposals of Suster 14) . Every patient had an MRI to diagnose spinal metastasis. The study was independently reviewed and approved by institutional review boards.
Surgical Treatment and Adjuvant Therapy
Candidates for surgical management were similar to those in previous reports and werecarefully selected, based on the following surgical indications: (1) More than 3-6 months of life expectancy predicted by medical oncologists, (2) presence of indurable severe pain not controlled with analgesics, and (3) presence of a neurologic deficitsuch asweakness ofthe extremities and dysfunction of the bladder/bowel. Each patient had been operated on with appropriate procedures, depending on the surgeon's preference.
The extent of surgical resection, the use of any adjuvant therapy, the length of the follow-up, any evidence of recurrence, and complications were noted. Postoperative complications and their overall survival periods were also evaluated. Adjuvant treatment, either chemotherapy or radiation therapy, was performed in consideration of the individual disease's course. The patients were regularly followedup every month. The length of the follow-up was defined as the period from the date of surgery to the patient's most recent clinic visit. The mean postoperative follow-up period was 207.28 ±131.65 days (range: 16-984 days).
Statistical Analyses
For the investigation of the baseline characteristics of patients, descriptive statistics were used. Student's t-test and Wilcoxon signed rank testwere used for the continuous and parametric values, and the Chi-square test and Fisher's exact test were used for categorical dates andvalues, respectively. Overall survival was estimated using the Kaplan-Meier technique. Statistical analysis was supported by IBM SPSS 21.0 statistical software (IBM Corp., Armonk, NY, USA). A probability value of less than 0.05 was accepted as statistically significant.
RESULTS
Patient Demographics
The demographic data of 7 patients are shown in Table 1 . Of the 7 patients, five were male and two were female. The mean age of the 7 patients at the time of surgery was 53.86 ±4.21 years (range: 36-69 years). Six patients had metastases in the thoracic spine, including multiple metastases with cord compression, and one patient had metastases in the lumbar spine. Five patients had extradural spinal metastases, and 2 patients had extradural and intradural spinal metastases. The period from the primary diagnosis to spinal metastases varied widely (range: 0-14 years). On average, it took more than 5 years for metastasis to occur. One patient was diagnosed with metastases to the spine 14 years after being diagnosed with TC at the primary site. Otherwise, another 2 patients were diagnosed with TC after pathologic confirmation during the surgery for spinal metastases. Four of the 7 patients had metastases in other distant organs, such as the liver, brain, adrenal gland, rib, lung, and breast. Almost every patient had back pain at diagnosis, but 4 patients came with weakness of the lower extremities, and spinal metastases were found in these patients. As it is known that the prognosis of thymoma is related to the co-existence of MG, the presence of MG was checked, and none of our seven cases had MG.
Surgical Results
Four of the patients with an epidural metastasis compressing the spinal cord had a posterior-approach decompressive laminectomy and tumor removal following pedicle screw fixation. One patient with vertebral body metastasis and pathologic fractures of the vertebral body without epidural compression underwent pedicle screw fixation to prevent the progression of the pathologic fractures. In two patients with intradural metastasis, extramedullary portion of the tumor were removed. During the surgery, the mean external blood loss was 628.57± 655.65 cc (range: 200-2,100 cc), and the mean operation time was 293.24±88.00 minutes (range: 196-420 minutes). Four patients recovered without complications and their neurological deficits were improved. Transient voiding difficulty was developed in one patient. Fluid collection at the operation site developed in another patient; it was absorbed after conservative care.
There was no postoperative mortality. However, one patient underwent additional surgery for a metastatic tumor that was located in the whole left thoracic cavity two weeks after the spine surgery. After surgery, massive bleeding occurred and the patient expired due to hypovolemic shock.
Follow-up Outcomes
After surgery, all patients showed improvement of back pain and radiating pain (p<0.001, Wilcoxon signed rank test). Before surgery, five patients had ambulatory function, whether mild neurologic symptoms were apparent. Of the six patients other than the one who expired after further surgery, one patient was lost to follow-up and five patients followed up. All of the five patients maintained ambulatory function until their final follow-up. Four patients died because of pulmonary complications accompanied by the disease's progression. One patient died due to uncontrolled brain metastases, despite whole brain radiotherapy and radiosurgery. The mean overall survival rate after operation was 310.17±141.81 days, and the median survival was 226.00±56.90 days. The estimated overall survivalgraphusing the Kaplan-Meier techniqueis shown in Fig. 1. 
Illustrative Case
A 54-year-old woman was admitted to our outpatient clinic with flank pain demarcated in the T11 to T12 dermatomes. In her history, she had undergone a thymectomy and had been diagnosed with type B2 thymoma 13 years earlier without adjuvant therapy (T3N0M0). Eleven years after her first diagnosis, the pathologic report of the needle biopsy for recurring mediastinal tumor was changed to TC (WHO grade C). Subsequently, she underwent local radiation therapy with a total dose of 46 Gy, and various chemotherapy cycles according to ACO regimen. Two years after changing the diagnosis to TC, She was referred with segmental thoracic pain in the T11 and T12 dermatomes. She also had lower back pain. A spinal MRI found an enhancing intradural extramedullary mass compressing the spinal cord at the T11 level, and signal change of the T10 to T12 vertebral bodies ( Fig. 2A) . We performed surgery for the intradural tumor. Postoperatively, her Six months after the surgery, she had a follow-up spinal MRI and the intradural mass seemed to have been removed successfully, but newly appeared multiple metastases in the vertebral bodies were found (Fig. 2B) . Nine months after surgery, she died from respiratory failure due to multiple lung metastases.
DISCUSSION
Neoplasms in the thymus are differentiated from several following entities including neuroendocrine tumors, germ cell tumors, stromal tumors, tumor-like lesions (such as true thymic hyperplasia), thymic cysts, metastatic tumors, lung cancer, and epithelial origin thymomas 11, 12) . The most widely used staging system for thymoma was developed by Masaoka in 1981, and is based on the degree of tumor encapsulation and the invasion of surrounding structures 7) . According to the World Health Organization (WHO), thymoma is classified into 6 stages depending on its histologic features, which are correlated with the prognosis 9) . Although TC are classified as type C in WHO classification, these tumors are not just another variant of thymoma. Their histological features are characterized by a lack of normal thymic differentiation. TC are classified as low-grade tumors (well-differentiated squamous cell, mucoepidermoid, and basaloid carcinoma) or highgrade tumors (poorly differentiated squamous cell, small cell/ neuroendocrine, clear cell, sarcomatoid, and anaplastic/ undifferentiated carcinoma) 7, 9) . Specific immunohistochemical markers and chromosomal gains and losses might be necessary in some cases to distinguish these tumors from other lung carcinomas 7) . About 15% of patients with TC have metastases in distant organs, and these metastases favor the liver, kidneys, and bones 16) . However, metastases to the spine or epidural, intradural, or intramedullary space are very rare, and we could find only a few case reports of TC that had metastasized to the spine 1, 6) . Vladslav et al. reported 35 cases of the histologically confirmed extrathoracic metastasis of thymomas and TC between the years 1985 and 2011. In this report, there were only three cases of spinal metastasis among the 35 patients 4) . Generally, in a computed tomographic scan, infiltrated vertebral bodies can show as both osteoblastic and osteolytic lesions 3, 6) . MRI features demonstrated extradural lesions with a narrowing of the spinal canal and compression of the dura mater, as well as invasion into the paravertebral muscles. After gadolinium administration, tumors showed strong enhancement. On histological investigation, with regard to the primary findings, spinal metastasis may demonstrate a similar appearance with the presence of polygonal epithelial tumor cells, large vesicular nuclei containing large nucleoli, and many lymphocytes. Although local spreading occurs rapidly, distant spinal metastasis may occur within a long period, up to 14 years after the diagnosis of thymomas. In terms of treatment options, decompression of the spinal cord and complete tumor resection is advised for invasive thymomas. Systemic chemotherapy should be considered in a multimodality protocol if tumor recurrence is expected, and thymomas usually respond well to 45-to 55-Gy radiotherapy.
In our center, we had seven cases of TC that had metastasized to the spine. This might be the first case series of spinal metastasis of TC reported in a single center. In our experience, during four years of a retrograde review, as we mentioned in the results, the time interval from the diagnosis of the primary site to metastasis varied. According to our patients, (1) spinal metastatic lesions of TC, similar to most spinal metastases, may result in the destruction of vertebral bodies and spinal instability. (2) However, these tumors may grow into the intradural subarachnoid space with further infiltration of the corresponding nerve roots and compression of the spinal cord. (3) The time intervals from primary diagnosis to spinal metastasis were highly variable in our patient group. Other literature reported that the time interval until metastasis in 35 cases of TC averaged 3.6 years 15) . (4) In our series, the mean survival period after surgery in six patients was 1.08 years, except for one patient who expired during the early postoperative period. In another report, the five-year survival rate for patients with high-grade TC was 15-20% 13) .
From these results, we may speculate that advanced TC with spinal metastasis has a poor prognosis, but surgery can be considered as the treatment of metastatic spinal tumors, to maintain spinal stability and prevent neurological complications. Adjuvant radiation therapy and chemotherapy after surgery may help with local control and improve long-term outcomes.
CONCLUSION
In our 7 cases and other reports, we found that the character and natural course of metastasis from TC were highly varia ble. It may even manifest with a delay of up to 14 years after diagnosis of the primary tumor. In addition, these tumors may grow with further infiltration of the corresponding nerve roots and compression of the spinal cord.
Although definitive treatment regimens in the spinal metastasis of TC are not yet established, surgical management should be performed for the improvement of neurological status.
